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Objectives of this WorkObjectives of this Work

Drellack et al. (1997).
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Manganese oxide minerals are present at Yucca Mountain and Manganese oxide minerals are present at Yucca Mountain and 
are likely to present at NTS as wellare likely to present at NTS as well
These minerals have high sorption capacityThese minerals have high sorption capacity
Manganese sorption data were not included in the radionuclide Manganese sorption data were not included in the radionuclide 
transport modelstransport models
This results in an overThis results in an over--prediction of radionuclide transportprediction of radionuclide transport



3/14/2005 UCRL-CONF-210424

Experimental OutlinesExperimental Outlines

Batch sorption ExperimentsBatch sorption Experiments
– Synthetic minerals birnessite, 

cryptomelane and pyrolusite
– Kd vs.. pH 3-10, 
– Sorption rate 

Batch Batch desorptiondesorption experimentsexperiments
– sorption reversibility, 
– desorption rate

Supernatant characterizationSupernatant characterization
– Solvent extraction
– Ion Chromatography
– total carbonate analyses
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Manganese(IVManganese(IV) Oxide Minerals) Oxide Minerals

layer structure layer structure tunnel structuretunnel structure framework structureframework structure

Mineral Surface Areas (m2/g) (BET data)
BirnessiteBirnessite
41.36 +/- 0.08 
54.70 +/- 0.13 

CryptomelaneCryptomelane
11.79 +/- 0.15
10.54 +/- 0.78

PyrolusitePyrolusite
2.30 +/- 0.04
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SEM Images of three Manganese SEM Images of three Manganese 
Oxides MineralsOxides Minerals

Birnessite Cryptomelane Pyrolusite

20 µm 20 µm 20 µm

1.5 µm

1.5 µm 1.5 µm



3/14/2005 UCRL-CONF-210424

Np(V) sorption onto manganese 
oxides as a function of time

Np(V)-Birnessite Sorption 
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Np(V)-Cryptomelane Sorption 
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Np(V)-Pyrolusite Sorption 
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Similar sorption behavior at Similar sorption behavior at 
equilibrium.equilibrium.

The solution The solution pH is a primary pH is a primary 
factor affecting factor affecting NpNp sorption.sorption.

NpNp--carbonate carbonate complexationcomplexation
may reduce the sorption at high may reduce the sorption at high 
pH.pH.

The sorption rate was fast The sorption rate was fast 
initially and followed by a slow initially and followed by a slow 
rate over one month.rate over one month.
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Np(V) Sorption onto manganese oxides
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The The KKdd values range from values range from 
<100 at lower pH to <100 at lower pH to 
>1000 at higher pH.>1000 at higher pH.

Sorption of Sorption of Np(VNp(V) is ) is 
comparable when comparable when 
examined in terms of examined in terms of 
%%sorbedsorbed or or KKdd values.values.

Sorption per unit surface Sorption per unit surface 
area:  area:  PyrolusitePyrolusite > > 
CryptomelaneCryptomelane > > 
BirnessiteBirnessite..
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Comparison of Np(V) Sorption / 
Desorption on Birnessite

DesorptionDesorption at range at range 
pH 3pH 3--6 could not 6 could not 
be measuredbe measured

DesorptionDesorption was fast was fast 
and reversibleand reversible

Similar Similar desorptiondesorption
data were observed data were observed 
for for cryptomelanecryptomelane
and and pyrolusitepyrolusite..

0%

20%

40%

60%

80%

2 4 6 8 10 12
pH

%
 S

or
be

d

Sorption

Desorption



3/14/2005 UCRL-CONF-210424

Pu(IV) sorption onto manganese oxides 
as a function of time

Pu(IV)-Birnessite Sorption 
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Pu(IV)-Cryptomelane Sorption 
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Pu(IV)-Pyrolusite Sorption 

0%

20%

40%

60%

80%

100%

2 4 6 8 10 12

pH

%
 P

u 
So

rb
ed

1 days

19 days

34 days

Similar sorption behavior at Similar sorption behavior at 
equilibrium regardless minerals.equilibrium regardless minerals.

pH is a primary factor affecting pH is a primary factor affecting 
Pu(IVPu(IV) sorption.) sorption.

PuPu--carbonate carbonate complexationcomplexation
reduces the sorption at high pH.reduces the sorption at high pH.

Sorption onto all three minerals Sorption onto all three minerals 
were very strong in neutral to were very strong in neutral to 
weak basic solutions. weak basic solutions. 

The sorption rate was fast for pH  The sorption rate was fast for pH  
> 7, and was relative slow in > 7, and was relative slow in 
weak acidic solution.weak acidic solution.
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Pu(IV) Sorption onto manganese oxides
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The The KKdd values change in a values change in a 
wide range from <10 ~ wide range from <10 ~ 
>1E7.>1E7.

KKdd values unveil the effect values unveil the effect 
of of PuPu--carbonate carbonate 
complexationcomplexation at higher pH.at higher pH.

Sorption per unit surface Sorption per unit surface 
area:  area:  PyrolusitePyrolusite > > 
CryptomelaneCryptomelane > > BirnessiteBirnessite..
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Comparison of Pu(IV) Sorption / 
Desorption on Birnessite

DesorptionDesorption was fast was fast 
and reversibleand reversible

Similar Similar desorptiondesorption
data were observed for data were observed for 
cryptomelanecryptomelane and and 
pyrolusitepyrolusite
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NpNp Oxidation States in Supernatants Oxidation States in Supernatants 
from from DesorptionDesorption ExperimentExperiment
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Percentage of Np oxidation state

** Data were not available due to very low Np concentration



3/14/2005 UCRL-CONF-210424

PuPu Oxidation States in Supernatants from Oxidation States in Supernatants from 
DesorptionDesorption ExperimentExperiment
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* Data were associated with large errors
** Data were not available due to very low Pu concentration
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SummarySummary
Manganese(IV) oxide minerals are good 
sorbers for Np(V) and very strong sorbers for 
Pu(IV).
Sorption of Np(V) and Pu(IV) was fast, 
reversible, and pH dependent 
On a mass basis, sorption to all three On a mass basis, sorption to all three MnMn
oxides was similar. Base on the BET data, oxides was similar. Base on the BET data, 
sorption/msorption/m22 followed the order: followed the order: 
pyrolusitepyrolusite>>cryptomelanecryptomelane>>birnessitebirnessite
The oxidation states of both Pu and Np
appeared to change in the desorption, 
Transport of Pu and Np at NTS locations 
may be significantly affected by the presence 
of manganese oxide minerals. 
Future modeling efforts should address the 
role of Mn oxides in radionuclides transport 
to more accurately predict their transport
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